Objective: The aims of this cross-sectional study were (1) to examine the effect of age on body composition in older adults using dual-energy X-ray absorptiometry (DXA) and (2) to evaluate the agreement of DXA with standard indirect anthropometric measures (body mass index (BMI), waist circumference and waist-to-hip ratio (WHR)).
Introduction
Excess body fat is associated with increased morbidity in adult populations. 1 Sarcopenia is also a health concern in aging populations and is associated with the loss of functional ability and poor health. 2 There are few published studies providing accurate estimates of body fat and fat-free mass in older adults. 3 The study of the effects of age on such measures of body composition will enable a better understanding of the relative contribution of obesity and sarcopenia to morbidity and mortality in older adults. Newer and more sensitive methods of measuring body composition provide the means to perform such studies with a high degree of accuracy. Population estimates of body composition in older adults were obtained in the third National Health and Nutrition Examination Survey (NHANES III) 3 using bioelectrical impedance analysis (BIA). While more accurate than field methods of body composition assessment, BIA is less reliable in quantifying body composition under controlled conditions than dual-energy X-ray absorptiometry (DXA). 4 Prior studies of body composition are based largely on indirect estimates based on anthropometric data such as body mass index (BMI) and circumferences. BMI, waist circumference and waist to-hip ratio (WHR) are commonly used indirect anthropometric indices of obesity in adults. These measures are simple, standardized and ideal for use in large epidemiological studies. BMI is the ratio of body weight in kilograms to height in metres squared. Waist circumference and WHR are girth measurements. In previous studies of young adults, these measures have been found to be useful predictors of cardiovascular and all-cause mortality. [5] [6] [7] [8] However, there is limited understanding of how useful such indirect measures are in older adults.
Several changes in body composition may occur with aging, including a reduction in fat-free tissue mass 9 and an increase in fat mass leading to a higher percentage of body fat at any given body weight in older adults. 6 A decrease in height will increase BMI without an increase in fat mass. Similarly, re-positioning of fat to a more central distribution and loss of muscle bulk in the gluteal region will increase waist circumference and WHR without an increase in fat mass. These and other age-related changes (such as loss of skin elasticity, body cell mass and abdominal muscle bulk, and an increase in thoracic kyphosis) may affect the validity of indirect anthropometric measures in measuring body composition. 10 There are no studies examining the validity of such measures against those derived from the more accurate DXA.
We had the opportunity to study age-related changes in body composition in the Tasmanian Older Adult Cohort study (TASOAC), a population-based study of factors associated with the development and progression of chronic disease states in older adults. In this study, measures of body composition were obtained using indirect anthropometry and the more direct method of DXA. Our aims were to characterize age-and sex-dependent variations in body fat using the two approaches and determine levels of agreement between them.
Materials and methods

Subjects
Males and females aged between 50 and 79 years were selected randomly from the Southern Tasmanian electoral roll (66 416 persons in age range). 11 Subjects were excluded if they were nursing home residents or had a contraindication for magnetic resonance imaging used in the study protocol for measuring osteoarthritis (e.g. metal sutures, presence of shrapnel, iron filling in eye and claustrophobia). 
Indirect anthropometric measures
Waist circumference in centimetres (cm) was measured halfway between the lower border of the ribs and the iliac crest on a horizontal plane using a steel measuring tape. The average of two measurements was recorded to the nearest 0.1 cm. Hip circumference (cm) was measured at the level of the greatest posterior protuberance of the buttocks. The average of two measurements was recorded to the nearest 0.1 cm. Height (without shoes) was measured to the nearest 0.5 cm using a Leicester Height Measure Stadiometer. Weight (with shoes, socks and bulky clothing removed) was measured to the nearest 0.1 kg using a set of electronic scales (Seca Delta Model 707) calibrated using a known weight. BMI was calculated as weight (kg) divided by height-squared (m 2 ). WHR was calculated as waist circumference (cm) divided by hip circumference (cm).
DXA DXA measures were recorded using the Delphi W Clinical Bone Densitometer (Hologic Inc., Bedford, MA, USA) that utilizes high-resolution fan-beam X-ray imaging. The measures collected included total fat body mass (kg), total lean body mass (kg), % total body fat and % trunk fat and were generated by intrinsic software. DXA is based on the exponential attenuation resulting from absorption by body tissues of photons emitted at two energy levels to resolve body weight into bone mineral and lean and fat soft tissue masses.
Statistical methods
All analyses were performed separately for males and females, as females have higher percentage body fat levels for any given body weight compared with males. 12 After examination of DXA and indirect anthropometric measures for outliers and departures from normality, linear regression was used to test for trend in mean measures across age categories. In these models, age was fitted as a three-level ordinal variable with values of 55 (age 50-59), 65 (age 60-69) and 75 (age 70-79) years. Partial correlations and Bland-Altman analyses 13 were used to examine the agreement of indirect anthropometry with DXA. For the Bland -Altman analysis, we standardized the DXA measurements and indirect anthropometric measurements for each subject by subtracting the individual value of each measurement from the mean value of the measurement for the sample of same age group and sex, and dividing by the standard deviation (s.d.). The standardised measures had a mean of 0 and s.d. of 1. We then calculated the differences between standardised DXA measurement and each indirect measurement, and the average of standardised measurements ((DXA measurement þ indirect measurement)/2) for each subject. We then generated Bland-Altman plots of the differences against the average values for each standardised DXA/indirect anthropometric comparison. We report by age category and sex the mean difference between standardised measurements and the s.d. The mean difference represents the level of agreement between the measures, and the s.d., the variation between methods. Analyses were performed using SPSS Version 11.5.1 (SPSS Inc., Chicago, IL, USA) and Stata Version 8 (Stata Corp., College Station, TX, USA). Age-related changes in body composition Age-related changes in body composition parameters are given in Table 1 . In both sexes, DXA lean body mass decreased significantly with increasing age. In males, body weight and BMI also decreased significantly with increasing age. In females, DXA % body fat, DXA % trunk fat and WHR increased significantly with increasing age. No significant differences were observed in DXA total body fat, waist circumference or hip circumference.
Results
Sample characteristics
Comparison of DXA measures with indirect anthropometric measures Partial-correlation coefficients of DXA fat measures with each of the indirect anthropometric measures are presented in Table 2 . The correlations of weight, BMI and waist circumference with DXA measures were generally stronger than the correlations of WHR with DXA measures.
Bland-Altman analyses confirmed good agreement between DXA measures and indirect measures ( Table 3) . Assessment of Bland-Altman plots for all comparisons demonstrated no tendency for agreement between measures to vary with the magnitude of measurement (data not shown). Variability tended to be greater in the DXA-WHR comparisons than in the DXA-BMI and DXA-waist circumference comparisons. Results were similar between age categories. There was slightly greater variability in the levels of agreement between indirect measures and % fat than those with total fat, as shown by the larger s.d.
Discussion
These data provide the first assessment of changes in body composition with aging in an older population using DXA. This improves on the previous NHANES survey 3 that relied on BIA. Results demonstrate similar trends across studies with decreases in body weight, total body fat and lean body mass with increasing age in both sexes.
A trend towards sarcopenia with aging was observed in this study, particularly in males. There are relevant comparisons between US non-Hispanic whites in NHANES and this Tasmanian population. In the NHANES sample, lean body mass values for males declined from 64.6 to 59.1 kg and for women declined from 45.4 to 42.3 kg 3 across the three age decades. In our study, lean body mass values also declined similarly for males from 63.8 to 58.3 kg and for women from 45.9 to 43.5 kg. Such a decline in lean body mass with age could possibly be owing to reduction in levels of trophic factors such as insulin-like growth factor 1, testosterone and growth hormone, although we were unable to confirm this in this study. It would be of interest for future studies to focus on longitudinal trends in lean body mass, risk factors for sarcopenia and its associations with the development of chronic disease. Women in this study showed significant increase in most measures of adiposity across the three age groups, with less prominent trends seen in males. This could be owing to progressive change towards increasing truncal fat in postmenopausal women because of the reduction of oestrogenic levels. In contrast, the NHANES sample showed different changes, with a progressive decline in adiposity values in women, possibly reflecting ethnic, lifestyle or other unexplained differences. In our study, BMI and waist circumference correlated more strongly with DXA body fatness than WHR. We speculate Body composition in older adults KA Shaw et al that this may be owing to changes in body composition that occur with increasing age. Such changes include age-related loss of gluteal muscle bulk, kyphotic posture and loss of abdominal muscle tone, and shift of fat mass from a peripheral to a more central distribution. 4 These changes may lead to an increase in WHR in the absence of an increase in total body fat. In younger adults, waist circumference is a useful measure of abdominal obesity 8, 14, 15 and is associated Correlation between weight and DXA total fat for males 50-59 years.
d Correlation between weight and DXA total fat for males, adjusted for age group. Body composition in older adults KA Shaw et al with prevalent diabetes 16 and cardiovascular risk factors. 17, 18 It may be that waist circumference is a better measure in older adults than WHR. In order to fully understand the usefulness of waist circumference in older adults, its ability to predict disease risk should be evaluated against that of WHR and other measures in longitudinal studies of older people. Our findings are also dependent on the validity of DXA as a gold standard. Hydrostatic weighing has been the traditional gold standard method for assessing body composition in vivo.
19 DXA, however, is emerging as a new gold standard for body composition assessment that can quantify fat, lean body mass and bone mineral content of the body. 20, 21 In fact, DXA has been suggested as a better method for assessing body composition than underwater weighing in older adults, because it is able to account for age-related decreases in bone mineral density. 22 There are some limitations to this study. We were unable to partition-measurement error in our body composition measures because repeat measurements were not made to test reliability. However, personnel were trained in indirect anthropometric measurement and were required to adhere strictly to written protocols. Additionally, in studies of test-retest reliability, measurements from repeated DXA scans have been highly correlated. 23 Therefore, we believe that the possibility of measurement error was minimised in the study design. The associations between indirect measures and DXA that we have found in this sample cannot be generalised to frail older adults and those older than 80 years, as they were excluded from the study. Such people may be less mobile, and therefore have higher % body fat and lower % fat-free mass than the study group. Moreover, as this was a cross-sectional study, we are making inferences about age-related changes in body composition by comparing different age categories. Our findings would need to be confirmed by longitudinal studies that are designed to observe directly change in body composition with age.
In conclusion, we have provided data showing trends in body composition across different age categories in a population-based sample of older adults using DXA. We also present evidence for the validity of indirect anthropometric measures in this sample by comparing them with DXA. Our data suggest that such measures are generally reliable in older adults, although WHR may be less suitable in such people.
